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Summary
Objectives: Nodal osteoarthritis of the hand (hand OA) is a subset of OA with a strong heritable component. Multiple genetic analyses of this
condition have been performed and are underway. Highest yield from any genetic study depends upon a clear clinical phenotype for case
definition. Radiographs may provide the most detail about the nature of the lesion. Physical examination is an imperfect means of evaluating
each patient, particularly when hundreds or thousands of patients are required for study. Our study evaluated the accuracy, relative to a
radiograph, of a digital photograph of the hands for the presence of OA in a particular joint, as well as for the diagnosis of nodal hand OA.
Methods: Consecutive patients were evaluated as part of the I-NODAL study (Investigation of Nodal Osteoarthritis to Detect an Association
with Loci encoding Interleukin-1 [IL-1]). Evaluation included a physical examination by a trained rheumatologist, a postero-anterior
radiograph of the hands, and a digital photograph of each hand. Radiographs were read by one trained observer using the Kellgren-
Lawrence scale. Photographs were taken by one individual and were analyzed by an experienced rheumatologist. Kappa statistics were
determined for each modality and accuracy was assessed using radiographic readings as a gold standard.
Results: Intra-reader reliability for radiograph interpretation was good for the overall diagnosis of hand OA (0.76 [0.45,1.07]), but varied widely
for the presence or absence of K-L grades 2–4 in individual joints (median 0.70, range 0.49–0.87 for ACR index joints). Distal interphalangeal
joint (DIP) nodes on physical examination were sensitive (median 96.27, 93.94–100), but not specific for radiographic hand OA in the
corresponding joint (median 33.0, 17.24–42.86). Physical examination evidence of OA in the 1st carpo-metacarpal (CMC) and proximal
interphalangeal (PIP) joints provided only moderate sensitivity and specificity. However, the negative predictive value of the examination of
individual joints was good (median negative predictive value was 82.58 for IP joints with a range 68.29–100.00), particularly in the DIP joints.
Specificity of a node visualized on hand photograph was variable (median for all IP joints and 1st CMC 83.77, range 53.37–96.97), with
greatest specificity for radiographic OA in the corresponding joint found in the 1st CMC and the PIP joints. Clinical hand OA was sensitive,
but not specific for the radiographic diagnosis of hand OA; while, photographic OA was moderately specific, but insensitive.
Conclusion: The visualization of a node on a digital photograph of the hand provides fair to moderate specificity for radiographic hand OA
in the corresponding joint, with generally poor sensitivity. A photograph has limited value as a screening tool for the diagnosis of radiographic
hand OA.
© 2004 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Osteoarthritis (OA) is a chronic disorder characterized by
joint pain and stiffness and reduced range of motion of the
affected joints. In severe OA, pain and reduced joint range
of motion may lead to significant disability. Estimated
expenditures directly attributable to OA represent a
substantial sum1.
Taken as a whole, OA appears to have major heritable
contributions. For genetic studies, recognizing important
variations in clinical picture that subdivide the illness into
more genetically homogenous subsets is important. OA
involving the distal interphalangeal joints of the hands
(Heberden’s nodes) has been described as a distinctly
heritable subset2,3.
Phenotype represents the clinical characteristics stem-
ming from one’s genetic constitution. Phenotype defi-
nition is of utmost importance for genetic studies4. For
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osteoarthritis, the phenotype may be defined by pathologic
examination of diseased tissue, radiographic character-
istics of affected joints, or clinical signs and symptoms.
Patently, joint pathological examination is not feasible for
genetic and other large population-based studies, and the
radiographic findings do not necessarily correlate well with
symptoms, but are important for a detailed epidemiologic
description of disease phenotype5.
In large, population-based genetic studies, ascertaining
individuals with the desired phenotype is an expensive and
labor-intensive effort. For a relatively common disease like
hand OA, utilizing an inexpensive screening system to cull
out those individuals appropriate for further study from the
general population would be useful. For instance, a postal
survey that utilized a diagram of a hand was compared with
the examination by a trained nurse–examiner. Comparison
of examination and the diagram completed by the patient
showed poor agreement for nodes at individual joints
(kappa scores 0.16–0.40). Utilizing examination as the
surrogate gold standard, patient responses for individual
joints proved quite insensitive (less than 0.30), but quite
specific (greater than 0.90) for the presence of a node in a
particular joint6. Additionally, previous efforts have utilized
photographs as a means of assisting diagnosis of hand
OA7,8. In one instance, the presence of ‘bony prominence
or deformity’ read from a photograph was utilized for the
diagnosis of OA; no assessment for accuracy or precision
was reported8. Acheson and colleagues assessed the
relative value of a photographic presence of any bony
deformity (including nodes), compared with symptoms, as
a screening tool for assessing the presence of hand OA in
a population study (hand OA defined as Kellgren-Lawrence
grades 2–4 in corresponding joints). For all adults included,
the sensitivity of photographic evidence of bony deformity
of the DIP joints was between 50–60%, while specificity
was between 76.74% and 81.6%. Specificity declined and
sensitivity improved moderately when only adults older
than age 45 were analyzed. Therefore, much like the
aforementioned postal survey, a photograph may prove
moderately specific for radiographic hand OA7.
At our center, we have undertaken a protocol to examine
for the association of hand OA with markers in the
interleukin-1 region of chromosome 2. Each patient with
hand OA had a digital photograph taken of each hand.
We sought to ascertain the agreement between signs of
hand OA on exam and the photograph, as well as their
accuracy for hand OA, using a hand radiograph as a gold
standard.
Methods
PATIENT SELECTION
Unrelated subjects with a diagnosis of OA of the hands
were recruited as part of the I-NODAL study (Investigation
of Nodal Osteoarthritis to Detect an Association with Loci
encoding IL-1). Subjects were recruited from primary care
and rheumatology practices, targeted mailings, and a
newspaper advertisement campaign. After informed con-
sent, subjects were evaluated at the Richmond Veterans
Affairs Medical Center (VAMC) or at a participating site (see
acknowledgements). At the study visit, the evaluation in-
cluded a postero-anterior radiograph and digital photo-
graph of each hand, venous phlebotomy, a bone mineral
density scan of the lumbar spine and hip (and distal
forearm in a subset of subjects) using dual energy X-ray
absorptiometry (DEXA), and a targeted rheumatology
history and physical examination (TPSR or AGS).
The physical examination assessed each hand joint
individually for the presence of soft-tissue swelling, hard-
tissue enlargement, tenderness and deformity. Hand OA
was classified utilizing the American College of Rheumatol-
ogy (ACR) Classification for Clinical Hand OA9. In particu-
lar, for a diagnosis of hand OA, subjects were required to
have physical examination evidence of hard tissue enlarge-
ment and/or deformity in three or more index hand joints as
listed in the criteria (1st carpometacarpal (CMC), 2nd and
3rd proximal (PIP) and distal interphalangeal (DIP) joints of
each hand). Subjects with OA of the 1st CMC but no other
involved hand joints were given a diagnosis of clinical hand
OA if bilateral disease was present. Subjects with OA in
other joints typically involved by primary OA, including
knee, hip, and cervico-lumbar spine were included, as long
as ACR Clinical Criteria for Hand OA were present. Sub-
jects were excluded from the genetic analysis portion of the
study if examination revealed three or more metacarpo-
phalangeal (MCP) joints with soft-tissue swelling, or if
they had a previous diagnosis of inflammatory arthritis,
psoriasis, or calcium pyrophosphate deposition disease
(CPPD). The mean age of the subjects evaluated herein
(N=71) was 66.5 years (SD 10.0); 80% of the subjects were
female. All but six (91.5%) of the subjects noted pain in
either their fingers, knuckles, or thumbs within the month
prior to evaluation. The mean involved joint count for
examination, photograph, and radiograph is noted in
Table I.
The study protocol and procedures were reviewed and
monitored by a local Institutional Review Board.
DIGITAL PHOTOGRAPH
Each individual had a digital photograph taken of each
hand (AGS). The same digital camera was utilized for each
photograph (Fujifilm FinePix 4700zoom) with images taken
at 2400×1800 pixels. The 2nd and 3rd rays of each hand
were used as a point of focus for each photograph. Each
hand was photographed separately on a green or brown
background, to provide contrast (Fig. 1). The distance from
the camera to the hand was approximately 12 inches.
Images were transferred, without editing, to a CD or zip
disc. A skilled rheumatologist (HRS), blinded to the individ-
ual patients, scored the photographs. Each hand joint was
graded for the visual suggestion of the presence of hard
tissue enlargement, deformity, erythema, and visible, non-
bony, soft tissue swelling. A photographic diagnosis of
primary osteoarthritis required findings consistent with pri-
mary OA (deformity or bony enlargement) in three or more
Table I
Total average joint counts for each of the diagnostic modalities
studied*
Diagnostic modality Joint count (SD)
Examination (N=71) 11.6 (4.8)†
Radiograph (N=71) 6.3 (4.7)‡
Photograph (N=58) 10.0 (6.6)§
*1st CMC, all IP joints bilaterally, maximum N 20.
†Number of joints with hard tissue enlargement on examination.
‡Number of joints with a Kellgren–Lawrence radiographic score
of 2, 3, or 4.
§Number of joints with the visual appearance of the presence of
hard tissue enlargement.
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of the index joints noted in the ACR criteria, as well as
the appearance of soft tissue swelling in less than three
MCP joints.
HAND RADIOGRAPHS
Each participant had a postero-anterior hand/wrist radio-
graph taken (Fig. 1).
A musculoskeletal radiologist (DD) without knowledge of
disease status interpreted the films according to the
Kellgren–Lawrence (K–L) scale10. Each hand joint was
given a Kellgren–Lawrence score of 0–4. Radiographic
hand OA was defined as three or more ACR criteria index
joints with K–L score of 2–4, as well as the absence of
soft-tissue swelling in three or more MCP joints. A radio-
graphic hand OA classification also required the absence of
erosions in the MCPs, carpal joints, or radio-carpal joint.
Forty-two percent of hand radiographs were randomly
selected for a second reading by the musculoskeletal
radiologist to determine intra-examiner agreement for
the findings of OA in selected joints (2nd and 3rd PIPS,
DIPS, and the 1st CMC), as well as for the diagnosis of
primary OA.
STATISTICS
The data were analyzed at each PIP, DIP, and the 1st ray
for photographs, radiographs, and examination. Seventy-
one patient examinations and corresponding radiographs
were available for analysis. Sixty-one sets of hand photo-
graphs were analyzed. When comparing the data from the
photographs to that from the examinations, only the fifty-
eight corresponding to the primary examiner (AGS) were
included. We have utilized the kappa test for the inter- and
intrarater analyses presented in the study. The kappa test
assesses for agreement between two analyses while
adjusting for random agreement. For our discussion, we
have considered a kappa of greater than 0.75 to be
good. Confidence intervals were assessed at the 95th
percentile.
Accuracy was assessed using radiograph as a gold-
standard. Indeed, a radiograph may allow for finer disease
Fig. 1. Digital photograph and the corresponding radiograph of the right hand of a patient with hand OA.
Table II
Intra-rater agreement for radiograph scoring*
Joints KAPPA [95% CI] for right hand KAPPA[95% CI] for left hand
2nd PIP 0.87[0.69,1.00] 0.72[0.47,0.97]
3rd PIP 0.67[0.41,0.93] 0.78[0.55,1.00]
2nd DIP 0.49[0.14,0.84] 0.61[0.32,0.91]
3rd DIP 0.86[0.68,1.00] 0.61[0.30,0.92]
1st CMC 0.80[0.58,1.00] 0.68[0.40,0.97]
*Based on presence (Kellgren–Lawrence score of 2–4) or absence (Kellgren–Lawrence score of 0–1) of OA in each joint. Seventy-one
radiographs were analyzed, with thirty radiographs randomly chosen for a second reading.
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stratification than physical examination by providing infor-
mation regarding the presence or absence of joint space
narrowing and erosions, in addition to osteophytes. Fur-
thermore, this analysis allowed comparison to the previous
photograph study by Acheson and colleagues7.
Additionally, we performed separate analyses assessing
the accuracy of radiographs at each K–L score using either
the presence of a visualized bony swelling on photograph
or a node on examination as gold standard: the purpose of
these analyses was to assess a cut-off point for the ordinal
K–L scale at which accuracy for the assessment of a node
on examination or visible bony swelling on photograph
was highest.
Results
RADIOGRAPHS
Initially, we analyzed the precision of radiograph in-
terpretation. Forty two percent (thirty of seventy one) of
radiographs were randomly re-read by the same, blinded
radiologist. Of the seventy-one subjects analyzed, 59
(83%) had a diagnosis of radiographic hand OA. Intra-rater
reliability for the diagnosis of hand OA was good (0.76
[0.45,1.07]). Additionally, using a Kellgren–Lawrence score
of 0-1 as ‘OA absent’ and 2–4 for ‘OA present,’ we as-
sessed the reliability of reading for the ACR criteria index
joints used for diagnosis. Agreement for the presence or
absence of OA in these individual joints was fair (median
0.70, range 0.49–0.87) (Table II).
PHYSICAL EXAMINATION
One rheumatologist examined each patient included in
this report (AGS). Repeat examinations were not per-
formed. Of the seventy-one subjects analyzed, 70 were
given a diagnosis of clinical hand OA. The physical exami-
nation of the hands was compared with a hand radiograph,
using the radiographic scores and diagnosis as the gold
standard. Comparison of MCP joints was not included in
the analyses. Of note, the presence of a Heberden’s node
was sensitive for radiographic OA in the corresponding
joint, but provided poor specificity. Interestingly, even in
a population enriched for hand OA, the absence of
Heberden’s nodes was associated with a generally high
negative predictive value for OA in the corresponding joints.
Additional results are shown in Table III. Examination was
quite sensitive for radiographic OA (98.31%), but non-
specific (8.33%) [data not shown]. Finally, considering the
presence of a digital node on examination as the gold-
standard, using a K–L score of 2 or greater as a cut-off
point provided in general the most accurate predictor of the
presence or absence of a node in a particular joint (data
not shown).
PHOTOGRAPHS
Only a small number of photographs were reanalyzed:
this precluded a statistically meaningful intrarater analysis.
Of the sixty-one subjects analyzed, 31 (51%) had a photo-
graphic diagnosis of hand OA. The agreement between the
suspected presence of hard-tissue swelling on physical
examination and photographic appearance of visible hard-
tissue swelling was poor (median  0.22, both hands in
total; Table IV). The accuracy of the photographic reading
of a Heberden’s node for a diagnosis of OA in the corre-
sponding joint is assessed in Table V. Sensitivity was
generally low, with highest values in the 2nd, 3rd, and 5th
DIP joints, bilaterally. However, specificity was fair (median
for all IP joints and 1st CMC 83.77, range 53.37–96.97),
with the highest specificity generally in the PIP and 1st
CMC joints. For the overall diagnosis of primary hand OA,
the photograph was insensitive (57.14%), but relatively
specific (81.82%). Finally, as with physical examination, we
systematically assessed the accuracy of each non-zero
K–L score to ascertain a cut-off point for highest accuracy
of the radiograph for photographic evidence of bony swell-
ing: for most digital joints, K–L scores between 2 and 3
Table III
Accuracy of hard tissue swelling (‘nodes’) on physical examination for presence of OA in corresponding joint (Kellgren–Lawrence score 2–4),
using radiograph as the gold standard. As data are similar for each hand, only those from the right hand are presented*
Joints Sensitivity Specificity Positive predictive value† Negative predictive value†
1st CMC 73.49 69.23 79.40 62.07
1st IP 41.67 93.55 88.24 58.00
2nd PIP 67.74 67.57 63.64 71.43
3rd PIP 62.86 81.82 78.57 67.50
4th PIP 71.43 87.50 80.00 81.40
5th PIP 69.23 75.61 64.24 79.49
2nd DIP 95.65 23.81 73.33 71.43
3rd DIP 100.00 17.24 61.29 100.00
4th DIP 96.88 36.96 51.67 94.44
5th DIP 94.59 29.03 61.40 81.82
*Radiographic diagnosis of OA in each joint is a Kellgren–Lawrence score of 2–4.
†Values are expressed as percentages.
Table IV
Agreement between the presence of hard-tissue swelling on
physical examination and photographic appearance of visible
hard-tissue swelling*
Joint Left hand Right hand
1st CMC 0.23[0.03,0.44] 0.15[-0.01,0.31]
1st IP 0.17[-0.11,0.45] 0.11[-0.16,0.37]
2nd PIP 0.32[0.12,0.55] 0.27[0.06,0.48]
3rd PIP 0.26[0.00,0.50] 0.12[-0.13,0.37]
4th PIP 0.49[0.23,0.75] 0.14[-0.13,0.40]
5th PIP 0.42[0.16,0.67] 0.15[-0.12,0.42]
2nd DIP 0.20[0.01,0.39] 0.17[0.00,0.33]
3rd DIP 0.30[0.13,0.47] 0.13[0.02,0.24]
4th DIP 0.22[0.09,0.36] 0.24[0.10,0.37]
5th DIP 0.29[0.10,0.49] 0.21[0.00,0.42]
*Data from fifty-eight exams and photographs are presented.
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provided the finest accuracy regarding the presence or
absence of this parameter (data not shown).
Discussion
Hand OA is a common disease with a significant genetic
component. To perform large, population-based genetic
studies, screening tools will be useful, not only to cull out
those likely to have hand OA, but also to exclude those
without hand OA. A digital photograph would provide a
relatively inexpensive means of screening patients for
inclusion into a hand OA study. Our data show that this tool
may not provide sufficient accuracy to be of value for such
a study. While our assessment of specificity was in a similar
range as that reported by Acheson and colleagues7, one
must note that those observations were based on a popu-
lation study: ours was achieved in a population selected for
hand complaints. The sensitivity of this modality, while
generally low (both for assessing the presence of nodes
and for the overall diagnosis), is highest at the 2nd, 3rd,
and 5th DIP joints- with the camera focusing on the 2nd and
3rd rays. It is possible that sensitivity could be enhanced by
photographing the hands from more than one view.
The data also reinforce the observations of Hart, et al.,
with regard to the accuracy of examination vis a vis
radiograph. In that population study, interphalangeal nodes
on exam were insensitive, yet specific, for radiographic OA
in the sub-group without hand complaints. However, with
the addition of hand complaints, the presence of nodes
was found to be more sensitive11. In our patient popu-
lation, composed of generally symptomatic individuals,
Heberden’s nodes were sensitive indicators of radiographic
OA, and clinical hand OA had a high sensitivity for radio-
graphic hand OA. Most importantly, in this subset of
subjects who presented to the study nearly universally with
hand pain, and nearly all with clinical hand OA, physical
examination had a very good negative predictive value
for the radiographic diagnosis of OA in the correspond-
ing 2nd–5th interphalangeal joints. Therefore, the need
to radiograph a ‘control’ subject with no hand pain and
no evidence of hard-tissue enlargement is indeed
questionable.
Our study did have some limitations, though. The sub-
jects photographed were referred (self or physician) for a
putative diagnosis of hand OA. Admittedly, this represents
a recruitment bias, and we do not yet know how this same
methodology would fare in a general population-based
study. Furthermore, given the patient availability for one
brief visit, only one trained observer (AGS) performed a
physical examination. Nonetheless, others have shown
that inter-examiner agreement for the presence of Heber-
den’s and Bouchard’s nodes, as well as for the ACR
diagnosis of hand OA, is good11,12. Likewise, only one
radiologist performed readings for our study; indeed others
have found the inter-examiner assessment of joint-space
narrowing and the presence of osteophytes to be good13.
Furthermore, as only OA patients were recruited for the
study, non-bony, soft-tissue swelling was an infrequent
finding on examination; indeed, accurate distinction be-
tween soft-tissue swelling from nodes on a photograph was
often difficult. Additionally, subtle, non-deforming, nodes
may not be readily discernible on a photograph. These
factors likely led to the misclassification of many individuals
as non-OA subjects, lessening the sensitivity of the photo-
graph. Additional studies that evaluate non-OA subjects,
both non-arthritic controls and those with a variety of other
arthropathies, may be helpful.
Indeed, our study did not include non-arthritic control
subjects. However, as the range of OA-affected joints in the
study population varied widely, we were able to rigorously
evaluate this technique for both radiographically affected
and unaffected joints. Therefore, in a population enriched
for likely hand OA patients, the presence of a Heberden’s
node is reasonably specific for radiographic OA in that
joint, and the absence of a Heberden’s node portends
reasonably well the absence of radiographic OA.
While the photographs did provide fair specificity relative
to a hand radiograph, the reliability of the photo readings is
difficult to assess. On the one hand, too few re-analyses
were undertaken, making intrarater reliability unclear. Solu-
tions to these issues may be remediable in future efforts. In
the first place, more re-assessment of photographs would
be needed to yield a better estimate of intrarater precision.
Whether or not a validated atlas with the photographic
appearance of soft-tissue swelling and bony swelling would
be justifiable is unclear. Additionally, as sensitivity was great-
est in the joints upon which the camera was focused, future
studies might consider additional views of each hand.
Finally, the use of radiograph as a gold standard for hand
OA may be questioned. Indeed, the use of clinical criteria,
such as the ACR criteria for hand OA9, may be more appro-
priate for clinical studies. However, for a genetic study, the
radiograph may allow for finer disease stratification severity
by assessing for the presence or absence of joint space
narrowing and erosions in addition to osteophytes.
Table V
Accuracy of photographic appearance of visible hard-tissue swelling for the presence of OA in the corresponding joint, using radiograph as
the gold standard. As data are similar for each hand, only those from the right hand are presented*
Joints Sensitivity Specificity Positive predictive value† Negative predictive value†
1st CMC 30.77 90.48 85.71 41.30
1st IP 16.67 91.67 75.00 42.31
2nd PIP 39.13 83.33 60.00 68.18
3rd PIP 45.83 74.29 55.00 66.67
4th PIP 45.00 82.05 56.25 74.42
5th PIP 47.06 74.42 42.11 78.05
2nd DIP 73.68 66.67 80.00 58.33
3rd DIP 58.82 76.00 76.92 57.58
4th DIP 48.28 90.32 82.35 65.12
5th DIP 70.97 65.52 68.75 67.86
*Radiographic diagnosis of OA in each joint is a Kellgren–Lawrence score of 2–4.
†Values expressed as percentages.
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In conclusion, we have found that in a population
enriched with patients likely to have nodal, primary hand
OA, evidence of a node, as assessed by digital photograph,
provides only fair specificity for radiographic OA in the
corresponding joint. Additionally, the diagnosis of hand OA
using a photo was moderately specific for the diagnosis of
radiographic OA. Future analyses might standardize read-
ings and assess these methods with a more diverse
population. At this time, though, hand photographs can-
not be considered an accurate surrogate for physical
examination or hand radiograph in the diagnosis of
hand OA.
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